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Jim K. Wong, MD,* Robert L. Lobato, MD,† Andre Pinesett, MPH,‡ Bryan G. Maxwell, MD, MPH,§
Christina T. Mora-Mangano, MD,* and Marco V. Perez, MD‡Objective: To test the hypothesis that including preoper-
ative electrocardiogram (ECG) characteristics with clinical
variables signiﬁcantly improves the new-onset postopera-
tive atrial ﬁbrillation prediction model.
Design: Retrospective analysis.
Setting: Single-center university hospital.
Participants: Five hundred twenty-six patients,Z18 years
of age, who underwent coronary artery bypass grafting,
aortic valve replacement, mitral valve replacement/repair, or
a combination of valve surgery and coronary artery bypass
grafting requiring cardiopulmonary bypass.
Interventions: Retrospective review of medical records.
Measurements and Main Results: Baseline characteristics
and cardiopulmonary bypass times were collected. Digitally-
measured timing and voltages from preoperative electro-
cardiograms were extracted. Postoperative atrial ﬁbrillation
was deﬁned as atrial ﬁbrillation requiring therapeutic
intervention.
Two hundred eight (39.5%) patients developed postoper-
ative atrial ﬁbrillation. Clinical predictors were age, ejectionJournal of Cardiothoracic and Vascular Anesthesia, Vol 28, No 6 (Decembfractiono55%, history of atrial ﬁbrillation, history of cere-
bral vascular event, and valvular surgery. Three ECG param-
eters associated with postoperative atrial ﬁbrillation were
observed: Premature atrial contraction, p-wave index, and p-
frontal axis. Adding electrocardiogram variables to the
prediction model with only clinical predictors signiﬁcantly
improved the area under the receiver operating character-
istic curve, from 0.71 to 0.78 (po 0.01). Overall net reclassi-
ﬁcation improvement was 0.059 (p ¼ 0.09). Among those
who developed postoperative atrial ﬁbrillation, the net
reclassiﬁcation improvement was 0.063 (p ¼ 0.03).
Conclusion: Several p-wave characteristics are independ-
ently associated with postoperative atrial ﬁbrillation. Addi-
tion of these parameters improves the postoperative atrial
ﬁbrillation prediction model.
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http://dx.doi.org/10.1053/j.jvca.2014.04.034ATRIAL FIBRILLATION is the most common arrhythmiaafter cardiac surgery—with an incidence of up to 60%.1
It is associated with increased morbidity, intensive care unit
length of stay, and total length of stay.2–5 Effective chemical
prophylaxis exists.6,7 However, signiﬁcant adverse events, such
as bradycardia and heart block, are associated with prophylactic
therapy.6 Thus, the beneﬁts of indiscriminate use of prophy-
lactic therapy have not been shown to outweigh the risks.
However, conﬁning prophylactic therapy to patients at high
risk of developing postoperative atrial ﬁbrillation (POAF) may
improve the beneﬁt/risk proﬁle.7 Prediction models based on
clinical variables have not been sufﬁciently robust to guide
POAF prophylactic therapy.8
Studies in nonsurgical cohorts have identiﬁed p-wave
characteristics from a routine electrocardiogram (ECG) as
predictors of incident atrial ﬁbrillation. In a retrospective
cohort, Perez et al9 identiﬁed several p-wave characteristics—
including p-wave index (the standard deviation of p-wave
duration)—that independently increased the risk of incident
atrial ﬁbrillation. Using the Framingham Heart Study cohort,
Magnani et al10 observed the association between maximum
p-wave duration and incident atrial ﬁbrillation. Radar et al
observed an association between p-wave amplitude and
POAF.11 The goals of the present study were to identify
p-wave characteristics from a routine preoperative ECG asso-
ciated with the development of POAF and to test the hypothesis
that adding preoperative ECG characteristics to clinical varia-
bles signiﬁcantly improves the prediction model.
METHODS AND MATERIALS
This study was approved by the institutional review board. The
requirement to obtain individual patient consent was waived because
data were collected retrospectively.Evaluated patients included those who underwent coronary artery
bypass grafting (CABG), elective aortic valve replacements (AVR),
elective mitral valve replacement/repair (MVR), and combination valve
surgery and CABG requiring cardiopulmonary bypass, performed at
Stanford University from January 2008 to March 2011. Patients who
underwent off-pump CABG or transcatheter AVR, had a preoperative
ECG that was not sinus rhythm including those with paced rhythms,
and had no preoperative ECG on record were excluded. Patients’
clinical and demographic data were extracted through review of
medical records during the patients’ operative hospital stay.
The most recent ECG before surgery was analyzed. The recorded
data on each ECG included the digitally-measured timing and voltages at
each of the points of the PQRST complex of the basic 8 leads, with
derivation of the remaining 4 leads (GE 12 SL analysis program, General
Electric Co., Fairﬁeld, CT; www.gesystems.com). The system was able to
ﬂag rhythm abnormalities, measure standard intervals, and perform wave-
form analysis to provide the basic electrocardiographic interpretations. The
output from the GE system was validated by visually examining the
following ECG parameters: Rate, rhythm, existence of pacer spikes,
premature atrial contraction (PAC), premature ventricular contraction
(PVC), QRS axis deviation, bundle-branch block, and presence of q-waves.er), 2014: pp 1497–1504 1497
WONG ET AL1498POAF was deﬁned as any episode of atrial ﬁbrillation identiﬁed by
ECG and/or telemetry monitoring that was treated pharmacologically
and/or with direct-current cardioversion.
Univariate analysis of all clinical and ECG variables was performed.
The full list of candidate predictors is listed in Appendix 1. Variables
that were associated with POAF at a p valuer0.05 in the univariate
model were retained for testing in the ﬁnal multivariate model.
Two prediction models using multivariate logistic regression with
backward elimination were developed. The ﬁrst model contained only
patient demographic and clinical characteristics (Model C). The second
model contained all the variables from Model C supplemented with
ECG variables (Model CE). To test both models for overﬁtting, tenfold
cross-validation was performed, then the models were calibrated using
Hosmer-Lemeshow goodness-of-ﬁt test. The 2 models were compared
using the area under the receiver operating characteristic curve (AUC)
and net reclassiﬁcation improvement (NRI).12 On the basis of previous
literature, patients were considered to be at high risk for developing
POAF if the predicted probability of POAF wasZ0.5.8
For all continuous variables, linearity in the logit was checked before
performing a logistic regression for the univariate analysis. For p-wave
index—the standard deviation of the p-wave duration across the 12 ECG
leads9—visual inspection of the logit plot suggested a nonlinear relation-
ship. To analyze the relationship between p-wave index and POAF risk,
the dataset was divided into quartiles based on the p-wave index; the
lowest quartile (o26.5 ms) was used as the reference group. The point
estimates of the odds ratios for POAF of the other quartiles were nearly
identical. On the basis of this analysis, the p-wave index was transformed
into a binary variable with 27 ms as the cut-off. A local regression plot of
the logit versus p-wave index then was used to verify that an inﬂection
point existed around 27 ms. Indeed, the local regression plot showed an
inﬂection point around 28 ms. Appendix 2 (table and ﬁgure) describes, in
detail, the choice of p-wave index 27 ms as the cut-off.
For the p-wave frontal axis, the logit plot was grossly U-shaped, as
shown in Appendix 2 (ﬁgure). The authors, thus, divided the dataset645 records reviewed 
526 records remain in cohort
208 with POAF
Fig 1. The cohort of patients. Abbreviations: ECG, electinto tertiles based on p-wave frontal axis. This produced cut-off points
ofo39°, 39° to 55°, and 4 55°.
Demographic comparisons between patients who did and did not
develop POAF were performed using the t test or Wilcoxon rank sum
test for continuous variables and χ2 test for categoric variables. For
univariate analysis, logistic regression was used. The ﬁnal models were
presented with the intercept (α-coefﬁcient), the β-coefﬁcient, odds ratio
(OR), 95% conﬁdence interval (CI), and p value of each independent
variable. The null hypothesis of the net reclassiﬁcation improvement
equals 0 was tested by the method described by Pencina et al.12
Difference in AUC was compared by the method described by DeLong
et al.13 Statistical analyses were performed using SAS 9.3 software
(SAS Institute, Inc, Cary, NC).
RESULTS
A total of 645 records were reviewed. Fifty records had a
preoperative ECG that was not sinus rhythm; of these, 38
showed atrial ﬁbrillation, 9 showed atrial ﬂutter, and 3
appeared in junctional rhythm. An additional 8 preoperative
ECGs showed atrial pacing. Fifty-seven records did not have an
associated preoperative ECG. Four records were of patients
who underwent either off-pump CABG or transcatheter AVR.
Excluding these resulted in a ﬁnal dataset of 526 patients
(Fig 1). Of these, 327 (62%) ECGs were obtained the day
before surgery and 432 (82%) were obtained within 7 days of
surgery. All preoperative ECGs used for analysis were obtained
within 30 days of surgery.
Table 1 shows that the group with POAF was older with a
higher prevalence of congestive heart failure (CHF) diagnosis,
left ventricular ejection fraction (EF) under 55%, previous atrial
ﬁbrillation, and previous cerebral vascular events (deﬁned as
either transient ischemic attack or cerebral vascular accident).38 preop ECGs were atrial ﬁbrillaon,
9 atrial ﬂuer,
3 junconal rhythm,
8 atrial pacing
57 without preoperave ECG
2 Oﬀ-pump CABG
2 Transcatheter aorc valve replacement
318 without POAF
rocardiogram; POAF, postoperative atrial ﬁbrillation.
Table 1. Characteristics of Patients With and Without Postoperative
Atrial Fibrillation
Characteristics
Postoperative
AFib (n ¼ 208)
No Postoperative
AFib (n ¼ 318)
p
Value
Age, years 70.3  12.0 63.0  13.3 o0.01
Male 137 (66%) 216 (68%) 0.62
Race 0.25
Asian 32 (16%) 60 (19%)
Black 6 (3%) 11 (3.5%)
White 138 (68%) 182 (58%)
Hispanic 11 (5%) 29 (9%)
Other 16 (8%) 31 (10%)
Congestive heart failure 112 (54%) 141 (44%) 0.03
EFo55% 78 (38%) 90 (28%) 0.03
NYHA Class 0.11
I 98 (47%) 181 (57%)
II 39 (19%) 56 (18%)
III 42 (20%) 54 (17%)
IV 28 (14%) 27 (8%)
Previous myocardial infarction 51 (25%) 83 (26%) 0.68
Previous atrial ﬁbrillation 23 (11%) 10 (3%) o0.01
Hypertension 166 (80%) 240 (75%) 0.25
Diabetes 61 (29%) 106 (33%) 0.33
COPD 28 (13%) 41 (13%) 0.85
Hyperlipidemia 160 (77%) 243 (76%) 0.89
Previous cerebral event* 25 (12%) 14 (4%) o0.01
Preoperative medications
β-blocker 116 (56%) 185 (58%) 0.59
Statin 139 (67%) 209 (66%) 0.79
Aspirin 134 (64%) 214 (67%) 0.50
ACE-I or ARB 102 (49%) 174 (55%) 0.20
CPB time 4180 minutes 57 (27%) 52 (16%) o0.01
Aortic X-clamp time
4120 minutes
53 (25%) 62 (20%) 0.10
Surgery o0.01
Valve surgery† 145 (70%) 166 (52%)
CABG 63 (30%) 152 (48%)
NOTE. Data are presented as mean  SD or number (%).
Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor;
AFib, atrial ﬁbrilation; ARB, angiotensin receptor blocker; CABG,
coronary artery bypass grafting; COPD, chronic obstructive pulmon-
ary disease; CPB, cardiopulmonary bypass; EF, left ventricular ejec-
tion fraction; NYHA, New York Heart Association; X-clamp, cross-
clamp.
*Previous cerebral event includes transient ischemic attacks and
cerebral vascular accidents.
†Valve surgery includes aortic valve replacement, mitral valve
replacement/repair, and combined valve/CABG.
Table 2. Univariate Analysis Between Selected Variables and Post-
operative Atrial Fibrillation
Variable
Odds Ratio for POAF
(95% CI)
p
Value
Age 1.05 (1.03-1.06) o0.01
Male 0.91 (0.63-1.32) 0.62
Race
White 1.0
Black 0.72 (0.26-1.99) 0.52
Asian 0.70 (0.43-1.14) 0.15
Hispanic 0.50 (0.24-1.03) 0.06
Other 0.75 (0.42-1.36) 0.35
Congestive heart failure 1.47 (1.03-2.08) 0.03
Hypertension 1.29 (0.84-1.96) 0.25
Diabetes 0.83 (0.57-1.21) 0.33
Hyperlipidemia 1.03 (0.68-1.56) 0.89
COPD 1.05 (0.63-1.76) 0.85
Previous Atrial Fibrillation 3.83 (1.78-8.22) o0.01
Previous Cerebral Event 2.97 (1.50-5.85) o0.01
NHYA Class
I 1.0
II 1.29 (0.80-2.07) 0.30
III 1.44 (0.89-2.30) 0.13
IV 1.92 (1.07-3.43) 0.03
EFo55% 1.54 (1.06-2.24) 0.02
Valve Surgery* 2.11 (1.46 - 3.05) o0.01
Preoperative β-Blocker 0.91 (0.64-1.29) 0.59
CPB time longer than 180’ 1.93 (1.26-2.96) o0.01
Atrial Rate 0.99 (0.98-1.01) 0.24
P-wave dispersion482 ms 2.38 (1.52-3.72) o0.01
P-wave indexZ27 ms 2.47 (1.61-3.81) o0.01
PR interval (per 1-ms increase) 1.01 (1.004-1.02) o0.01
P-wave frontal axis o0.01
39°-55° 1.0
o39° 1.15 (0.74-1.79)
455° 2.38 (1.54-3.68)
P max total4120 ms 1.71 (1.11-2.63) 0.01
PAC 3.95 (1.61-9.71) o0.01
PVC 4.04 (1.54-10.59) o0.01
qrs duration 1.01 (1.002-1.018) 0.02
qt interval 1.007 (1.002-1.012) o0.01
qtc interval 1.008 (1.003-1.013) o0.01
t-wave inversion lead II 2.70 (1.36-5.38) o0.01
t-wave inversion lead V 1.46 (0.99-2.14) 0.05
Abbreviations: COPD, chronic obstructive pulmonary disease; CPB,
cardiopulmonary bypass; EF, left ventricular ejection fraction; NHYA,
New York Heart Association; PAC, premature atrial contraction;
POAF, postoperative atrial ﬁbrillation; PVC, premature ventricular
contraction.
*CABG only is the reference group.
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surgery and cardiopulmonary bypass (CPB) times longer than
3 hours.
Table 2 shows the univariate analysis of variables that
were associated signiﬁcantly with POAF. Age, history of
CHF, New York Heart Association (NYHA) class IV heart
failure, EF less than 55%, history of atrial ﬁbrillation, history
of cerebral vascular event, longer CPB time, and valvular
surgery to be associated with development of POAF were
observed. Univariate analyses among the ECG variables
showed that several p-wave characteristics were associated
with POAF: p-wave index, p-wave dispersion (differencebetween the longest and shortest p-wave duration), pr interval,
presence of PAC, and p-wave frontal axis. Notably, heart rate
was not associated with development of POAF. In addition,
several non–p-wave characteristics were associated with
POAF: Presence of PVC, qrs duration, qt interval, and t-wave
inversion.
In the multivariate logistic regression model (Table 3) with
only clinical variables (Model C), age, previous atrial ﬁbrilla-
tion, EF less than 55%, history of CHF, history of cerebral
vascular event, and valve surgery were associated signiﬁ-
cantly with POAF. The AUC associated with the clinical
Table 3. Multivariate Logistic Regression Model for Odds of Post-
operative Atrial Fibrillation Using Only Clinical Variables (Model C)
Variable β-coefﬁcient
Odds Ratio for
POAF (95% CI) p Value
Age* 0.0413 1.04 (1.03-1.06) o0.01
Previous cerebral event† 1.0394 2.83 (1.35-5.93) o0.01
EFo55% 0.5267 1.70 (1.12-2.56) 0.01
Valve surgery‡ 0.6985 2.01 (1.35-3.01) o0.01
Previous AFib 1.0576 2.80 (1.31-6.34) o0.01
NOTE. Intercept (α): -3.9260; AUC 0.71.
Abbreviations: Aﬁb, atrial ﬁbrillation; CI, conﬁdence interval; EF, left
ventricular ejection fraction; POAF, postoperative atrial ﬁbrillation.
*Age is modeled as per year older.
†Previous cerebral event includes transient ischemic attacks and
cerebral vascular accidents.
‡Valve surgery includes aortic valve replacement, mitral valve
repair/replacement, and combined valve/CABG. CABG only is the
reference group.
Table 4. Multivariate Logistic Regression Model for
Odds of Postoperative Atrial Fibrillation with Clinical
and ECG Characteristics (Model CE)
Variable β-coefﬁcient Odds Ratio (95% CI) p Value
Age* 0.0358 1.04 (1.02-1.05) o0.01
Previous cerebral event† 1.0213 2.78 (1.28-6.00) o0.01
EFo55% 0.5884 1.80 (1.17-2.78) o0.01
Valve surgery‡ 0.6880 1.99 (1.31-3.02) o0.01
Previous AFib 1.0888 2.97 (1.30-6.79) o0.01
PAC 1.0838 2.96 (1.09-8.00) 0.03
PR interval 0.0066 1.01 (1.00-1.02) 0.05
P-wave indexZ27 ms 0.8682 2.38 (1.47-3.86) o0.01
P-wave frontal axis
39o-55° 1.0
o39° 0.1812 1.19 (0.74-1.96) 0.47
455° 0.9103 2.49 (1.53-4.05) o0.01
NOTE. Intercept (α): -5.8197; AUC 0.78.
Abbreviations: AFib, atrial ﬁbrillation; CI, conﬁdence interval; EF,
Left ventricular ejection fraction; PAC, premature atrial contraction;
PR, p wave to R wave.
*Age is modeled as per year older.
†Previous cerebral event includes transient ischemic attacks and
cerebral vascular accidents.
‡Valve surgery includes aortic valve replacement, mitral valve
repair/replacement, and combined valve/CABG. CABG only is the
reference group.
WONG ET AL1500variable model was 0.71. In the model that included ECG
variables (Model CE, Table 4), the clinical variables remained
independently associated with POAF. In addition, the follow-
ing preoperative ECG characteristics were associated inde-
pendently with POAF: PAC, p-frontal axis greater than 55°,
and p-wave index greater than 27 ms. The odds ratio for pr
interval (per 1-ms increase) was 1.01 (95% CI 1.00-1.02). The
AUC for Model CE was 0.78. The two models’ AUCs were
signiﬁcantly different, p o 0.01. Both models were well-
calibrated (p ¼ 0.72 for Model C, p ¼ 0.34 for Model CE,
Hosmer-Lemeshow goodness-of-ﬁt). The value inﬂation fac-
tors were all less than 1.07, suggesting a lack of
multicollinearity.
Among the 208 patients who developed POAF (Table 5),
Model CE appropriately reclassiﬁed 26 patients (12.5%) as
high risk, while inappropriately reclassifying 13 patients
(6.3%) as not high risk; this was statistically signiﬁcant
(p ¼ 0.03). Among the 318 patients who did not develop
postoperative atrial ﬁbrillation, using Model CE instead of
Model C did not result in a statistically signiﬁcant diff-
erence in reclassiﬁcation. Overall, the Net Reclassiﬁcation
Improvement (NRI) was 0.059 (p ¼ 0.09). Of the 526 patients
in the dataset, a net of 12 patients were reclassiﬁed appropri-
ately by Model CE.
DISCUSSION
Accurately predicting patients’ risk of developing POAF is
important because it may identify a group of cardiac surgery
patients in whom the beneﬁts of prophylaxis may outweigh the
risks. The authors present evidence that p-wave characteristics
derived from a routine preoperative ECG can improve risk
assessment.
Reassuringly, Model C had an AUC similar to other
reports.8,11 The clinical predictors found also were mostly
consistent with other reports; cerebral vascular events deserve
special mention. Recently, Sareh et al observed an association
between the CHADS2 score and POAF.
14 In a prospective
observational cohort study in nonsurgical patients, Cotter et al
observed a 25.5% incidence of atrial ﬁbrillation in patients with ahistory of ischemic stroke.15 Observation in the present study was
consistent with the evidence of an association between cerebral
vascular disease and atrial ﬁbrillation. However, the authors
caution that a possible explanation for this observation from the
present dataset may be misclassiﬁcation of a confounding
variable. Many patients classiﬁed as having a cerebral vascular
event based on the history and physical examination may have
had undocumented history of atrial ﬁbrillation or paroxysmal
atrial ﬁbrillation (of the 39 patients with a documented cerebral
vascular event, only 4 had a concomitant diagnosis of previous
atrial ﬁbrillation). Because etiologic data of the cerebral vascular
events (ischemic, embolic, thromboembolic, or hemorrhagic)
were not available, speculation on the number of subjects with
previous atrial ﬁbrillation was not possible. If a substantial
number of these patients had previous atrial ﬁbrillation and were
appropriately classiﬁed, the association between previous cerebral
vascular event and POAF may be null after adjusting for previous
atrial ﬁbrillation. Nonetheless, the analyses suggest that having a
prior cerebral vascular event or having previous atrial ﬁbrillation
was associated with a similar increase in the odds of POAF
(Table 3).
Three preoperative ECG characteristics were associated
independently with POAF: PAC, p-wave frontal axis greater
than 55°, and p-wave index427 ms. The association between
PAC and POAF is not surprising given the known association of
PAC and atrial ﬁbrillation. Only 5% of patients in the present
dataset had a PAC on the preoperative ECG; however, the
presence of a PAC on a preoperative ECG is associated with
similar odds of POAF as having a history of atrial ﬁbrillation.
P-wave index is a novel parameter introduced by Perez et al as a
measure of disorganized atrial activity. This index may represent
the heterogeneity of conduction in diseased tissue and has been
Table 5. Net Reclassiﬁcation Improvement
POAF (n ¼ 208) No POAF (n ¼ 318)
Predicted Probability
Threshold Up Down No Change p Value Up Down No Change p Value Overall NRI, p value
Z0.50 23 13 169 0.03 18 17 283 0.87 0.06, po 0.09
Z0.60 31 8 169 o0.001 12 12 294 1.0 0.11, po 0.01
Z0.70 22 7 179 o0.01 9 0 309 o0.01 0.04, po 0.11
NOTE. Up refers to the model using only clinical variables classifying the patient as not high risk while the model with ECG characteristics
classifying the same patient as high risk, while down refers to the model using only clinical variables classifying the patient as high risk while the
model with ECG characteristics classifying the same patient as not high risk.
Abbreviation: POAF, Postoperative atrial ﬁbrillation.
P-WAVE ON ECG AND POSTOPERATIVE ATRIAL FIBRILLATION 1501associated with development of atrial ﬁbrillation independent of
other p-wave characteristics.9 Interestingly, Solak et al recently
showed that the p-wave index was signiﬁcantly higher in a cohort
of dialysis patients—a population with a high incidence of atrial
ﬁbrillation.16 The independent association of abnormal p-wave
frontal axis with POAF was consistent with the report by Rader
et al.11 In their study, the authors found signiﬁcant association
between p-wave amplitude in leads avR and V1 and POAF. The
authors of the present study observed a more positive p-wave
frontal axis—indicating right-axis deviation of the p-wave—was
associated independently with POAF.
Interestingly, the only ECG parameters that were associated
independently with POAF were related to the p- wave. Despite
signiﬁcant association with PAOF in the univariate analyses,
PVC, qt interval, and t-wave inversion were not independent
predictors of POAF. This was consistent with the high
predictive value of p-wave signal-averaged ECG for predicting
POAF.7
Although the NRI offers a validated measure17,18 to assess the
utility of adding ECG parameters, interpreting the NRI can be
challenging. Adding ECG criteria to clinical variables correctly
reclassiﬁed 43 patients while incorrectly reclassifying 31 patients.
This yielded a net reclassiﬁcation improvement of 12 patients.
Neither the overall net reclassiﬁcation improvement nor the net
reclassiﬁcation improvement in those who did not develop POAF
was statistically signiﬁcant. However, among those who did
develop POAF, the net reclassiﬁcation improvement did reach
statistical signiﬁcance. Thus, using a model that incorporates
ECG characteristics to guide prophylactic therapy is unlikely to
prevent unnecessary prophylactic treatment, but may help prevent
additional cases of POAF. These NRI results were based on
classifying patients withZ0.5 probability of developing POAF
as high risk. Among other variables, the NRI was dependent on
the cut-off point. As shown in Table 5, Model CE performed
better if the predicted probability of 0.6 or higher was classiﬁed
as high risk. However, given the modest reclassiﬁcation effect
based on the a priori determined cut-off point ofZ0.5, addingECG characteristics to a prediction model that includes only
clinical variables is unlikely to change POAF prophylactic
management. Nonetheless, the important ﬁnding in this report
was that p-wave characteristics from a routine preoperative ECG
provided predictive value for POAF. The authors assert that
future POAF prediction models should include ECG
characteristics.
Limitations of the dataset were that it was derived from a
single tertiary referral center; thus, the ﬁndings may not be
generalizable. Furthermore, the selection of cut-off points for
p-wave index and p-wave frontal axis may not ﬁt an external
dataset and should be validated with an independent dataset.
The retrospective study design and the follow-up period
may have resulted in misclassiﬁcation of outcome. Because
only inpatient records related to the operative hospital stay
were reviewed, patients who developed POAF only after being
discharged from the hospital would not have been classiﬁed as
POAF. This would weaken the predictive model. Furthermore,
short durations of untreated POAF would have been classiﬁed
as no POAF. Also, because the decision to treat POAF was at
the discretion of the physician rather than guided by an
institutional protocol, varying thresholds to treat POAF may
have affected the classiﬁcation of outcome. However, because
rates of POAF in the present study were similar to those
reported in the literature,1,3,4,8 the authors believe the classi-
ﬁcation of outcome was, for the most part, accurate and valid.CONCLUSION
P-wave characteristics, but not qrst complex characteristics,
from a routine preoperative ECG, are associated independently
with POAF after cardiac surgery. Although addition of several
p-wave variables improved the POAF prediction models, it was
unlikely to change POAF prophylactic management. Nonethe-
less, if these p-wave characteristics are validated in other
datasets, future POAF prediction models should incorporate
ECG characteristics.
APPENDIX 1
List of Candidate Predictor Variables
Medical History Intraoperative Postoperative ECG
Age Surgery β-Blocker discharge Atrial rate
Sex CPB time Statin discharge PAC
Race Aortic X-clamp time Aspirin discharge PVC
Congestive heart failure ACE-I/ARB discharge p frontal axis
NYHA class qrs frontal axis
Ejection fraction frontal axis
Myocardial Infarction st frontal axis
Atrial ﬁbrillation/ﬂutter qrst angle
Hypertension CIIS
Diabetes simple
COPD left-axis dev
CVA right-axis dev
Hyperlipidemia LBBB
β-Blocker preop RBBB
Statin preop pr interval
Aspirin preop qrs duration
ACE-I/ARB preop qt interval
Qtc
LVH Sokolow*
LVH Cornell*
LVH Romhilt*
LVH Romdef*
LVH 30*
LVH 35*
st elevation lead II
st depression lead V
lateral q
inferior q
septal q
any q
t-wave inversion lead II
t-wave inversion lead V
t-wave inversion lead avF
p-wave duration leads I-III, avR,
avL, aVF, V1-6
p-max total
p-min total
p mean
p-wave dispersion
p-wave index
Abbreviations: ACE-I/ARB, angiotensin-converting enzyme inhibitor/angiotensin-receptor blocker; aVF, augmented vector foot; avL, augmented
vector left; avR, augmented vector right; COPD, chronic obstructive pulmonary disease; CPB, cardiopulmonary bypass; CIIS, cardiac infarction
injury score; CVA, cerebrovascular accident; ECG, electrocardiogram; LBBB, left bundle branch block; LVH, left ventricular hypertrophy; NYHA,
New York Heart Association; PAC, premature atrial contraction; PVC, premature ventricular contraction; Qtc, corrected q-wave to t-wave
interval; RBBB, right bundle branch block.
*LVH Sokolow: Sum of S-wave in v1 and R-wave in v5 or v6Z35 mm and/or R-wave in aVL Z11mm; LVH Cornell: Men, S-wave in v3 þ R-
wave in aVL428 mm and women, S-wave in v3 þ R-wave in aVL420 mm; LVH Romhilt: Provides a weighted score (weighted scores45
classiﬁed as deﬁnite LVH [LVH Romdef]); LVH 30: sum of S-wave in v2 þ sum of R-wave in v5430 mm; and LVH 35: sum of S-wave in v2 þ sum
of R-wave in v5435 mm.
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APPENDIX 2
Selection of Cut-off Points for p-Wave Index
Dividing p-wave index into quartiles and using lowest quartile as the reference group
Quartile p-Wave Index Range (ms) Odds Ratio for POAF 95% CI p Value
1 o26.5 1.0
2 26.5-31.6 2.08 58-3.73 0.01
3 31.7-36.6 2.37 1.33-4.24 o0.01
4 436.6 2.13 1.18-3.84 0.01
c-statistic 0.59.
Abbreviations: CI, conﬁdence interval; POAF, postoperative atrial ﬁbrillation.
Dividing p-wave index into a binary variable with 27 ms as the cut-off
p-wave Index (ms) Odds Ratio for POAF 95% CI p Value
o27 1.0
Z27 2.47 1.61-3.81 o0.01
c-statistic 0.58.
Abbreviations: CI, conﬁdence interval; POAF, postoperative atrial ﬁbrillation.
Appendix Fig 1. Local regression plot for p-wave index versus log odds of POAF. An infection point is observed at p-wave index of 28 ms.
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Appendix Fig 2. Records were divided into tertiles with o390, 390 to 550, and4550 forming the cut-offs. The middle tertile also served as the
reference group for the univariate and multivariate analyses.
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